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\> Abstract 

Lc is the minute carbon fiber of the highly crystalline less than 40nm and the minute carbon fiber containing the 
boron within the crystallization of a fiber it is satisfied moreover, the d002< 0.3448-0.0028 (logd>) ((among an 
equation, 4> is the diameter of the carbon fiber.) the layer face space (d002) found due to the X-ray diffraction 
is in range of 0. 335-0. 34nm A it is the diameter of the fiber ^w or less. The minute carbon fiber has the 
minute carbon fiber which the vapor deposition, the arc discharge method, the laser method etc. are 
manufactured with the vapor deposition, the arc discharge method, the laser method etc. as the raw material. 
And it adds the boron or the boron compound in this. It compresses and it preferably preferablies the volumetric 
density over 0.05g / cm'. It can manufacture by heat-treating this in a temperature more than 2000 *C. 



^ Representative Drawing(s) 



Fig. 1 



„ Description 



Figure 1 is a graph showing a relation with the interplanar distance of the diameter of the fiber of the fine carbon 
fiber and graphite crystallization. 

Figure 2 is a cross-sectional view of the apparatus for measuring the pulverulent resistance of the present 



As to r the minute carbon fiberj at the present invention, generally the vapor deposition by the pyrolysis of the 
hydrocarbon is manufactured with the vapor deposition by the pyrolysis of the hydrocarbon. (JP7-1 5041 9 A, 
JP5-321039 A, JP60-21 581 6 A, JP61-70014 A, 5-36521 A gazette, 3-61768 A gazette etc) As to the fiber, 
generally a diameter is about 5 with O O. But if a diameter is O OL m or greater, the carbon nanotube or the 
nano-carbon fiber having the concentrically like the carbon fiber of the vapor deposition, and a structure on the 
annual ring is included. 
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As to the minute carbon fiber, use as the filler including a metal, a resin, the ceramics etc. is proposed. 
Particularly, recently, the power generation of the portable equipment including the small mobile telephone, the 
video camera, the notebook computer etc. is remarkable. A demand from the small secondary battery including 
the Li ion secondary battery (the Li battery) is drastically extended as the power source used in that. An use as 
the filler of the battery is examined. 

Generally the carbon material for cathode used for the electrode of the Li battery is the various hard carbon, 
mesoporous carbon microbeads (MCMB), mesophase pitch carbon fiber (MPCF), artificial graphite, all kinds of 
the cokeses, moreover, the natural graphite etc. Moreover, it is proposed to add the carbon fiber or the vapor 
grown carbon fiber including a pitch-based etc. in these cathode materials. And in an anode, the graphite 
differentiation or the carbon black etc. are used as the electric conduction endowment material. 

As to the cathode of the Li battery, the intercalation (insertion) and deintercalation (emission) of the lithium ion 
are performed in a charging/discharging. The graphite the layer structure. It is easy to be generated the reaction 
(an intercalation) which it inserts while the reactant (for example, Li) pushes an inter-layer. The product in which 
the reactant enters an inter-layer is done as the intercalation compounds (Graphite Intercalation Compounds). 
Moreover, this intercalation compounds a reactant the emission (A deintercalation) and it is facilitated, it returns 
to the original graphite. The minute carbon fiber is a conductivity, or the material in which the thermal 
conductance is excellent. And it retains moreover, the intercalation capability. Therefore it does not have the 
things which lowers the capacity of a battery although it adds. It paids attention as the additive of the cathode 
material. 

In the making high capacity of the Li battery, it is a best to raise this intercalation capability. In order to raise the 
intercalation capability, generally it is necessary to have to enhance the degree of graphitization of the carbon 
material, that is, a crystalline. It is the same about the minute carbon fiber. 

It is preferable that the cathode of the lead accumulator, original, the conductivity is comprised of bad material. 
It can add the carbon material including the carbon black, the black lead corpuscle, the carbon fiber etc. in 
order to improve the conductivity of the cathode. The conductivity is this case high. In order that the crystalline 
of this carbon material is improved, the graphitizing method processed as an ordinarily, and the high 
temperature is used. 

In the meantime, as to especially, the minute carbon fiber in which the average fiber diameter is small like 1/an 
or less, the volumetric density is small and the filling ability is not improved. Therefore if it adds this carbon fiber 
among an electrode with bulk, the density electrode is degraded. Therefore, generally, preferably it is not added 
less than 20 mass % about 10 mass % or less. Consequently, the attempt which is regarded because of the big 
addition effect expecting even if improving a crystalline about this fiber, and improves the crystalline of the 
minute carbon fiber is not examined except for heat-treating in the high temperature. 

Consequently, the have minute carbon fiber in which it was *** and the crystalline layer face space (d002) 
found due to the X-ray diffraction was bigger than 3.385 a. A crystalline particularly did not develop. 

Moreover, according to the demand of the making high capacity, in order to charge and discharge the current of 
the bulk, the material in which the electric resistance of an electrode is low is required. 

In order that the resistance of an electrode is dropt, the addition of all kinds of the challenges the granting ash 
are considered. However, it is known that the filler of the fiber material the vapor grown carbon fiber to the main 
part is effective, minute with 1) fiber material have the aspect ratio more than 100 reason for the . And the thing 
, and 2) vapor grown carbon fiber that the conduction path is long a crystalline is good. The conductivity is 
excellent. 



3) It has the charge-discharge capacity the vapor grown carbon fiber itself. And it is an etc. not to cause the 
degradation of the capacity of the Li battery although it adds. 

But in case the conductivity of the fine fiber material having a diameter less than 1/an which conventionally came 
into the market evaluated in the density state of the 0.8g / cm', 0.01 Q-cm was a limit as the pulverulent 
resistance. And a limit did not have the material having the resistance lower than this. 

If the crystalline of the cathode material is improved for the improvement of charge and discharge capacity of 
the recent battery and the capacity is raised, the material in which the discharge capacity is high is required 
about the cathode material, moreover, an additive. Therefore, it is by no means necessary to have to raise a 
crystalline about the carbon materials of the additive. 

So, it examined to raise the thermal annealing temperature to the high temperature of 3200 'C on the need to 
raise the crystalline of the minute carbon fiber and improve a crystalline. 

But although a diameter is the minute carbon fiber (vapor grown carbon fiber) of about 0.15/an heated with a 
temperature more than 3000°C, it was impossible to the lattice constant of the layer face space (d002) what 
made smaller than 0.3385n. 

At the same time, a cm was a limit about the conductivity as the pulverulent resistance when a density was 0.8g 
/ cm 1 with 0 0. Therefore, a crystallization more develops and the thing of the low resistance is required. 

As to the reason, the vapor grown carbon fiber is regarded to be the special structure sharp-edged tool because 
which the diameter of the fiber very goes, additionally has the hollow phase or *** one part in the crystallization 
of a concentrically on the central part. Moreover, as it is near to the central part if the diameter of the fiber 
becomes more slender like 1 sub-micron, it is structurally difficult to roll the hexagonal hole plane of the carbon 
with the small diameter with a cylindrical and put. It is regarded to be difficult to crystallize. Therefore, the value 
of a d002 depends on the diameter of the fiber. For example, in a diameter is the fiber of about 0.15/zm, 
O.3420nm was a limit in 0.3385nm, and O.05/zm in O.3400nm, and about 0.02/an in 0.341 5nm, and about 
O.01 /on or less. In the fiber of about 0.15/an than a this, the interplanar distance of a d002 about 0.3385nm was 
a limit. It made a d002 smaller than this even if it heated over 3000 "C. 

Therefore, a crystalline is enhanced. It is insufficient to the thermal process in order to make a d002 smaller 
than 0.3385. The method for the separate method adding and improving a crystalline has to be developed. 

An object of the present invention is to provide the electrode for battery it has the high crystalline which it does 
not obtain a convention, and which is a thing and the fiber developing the minute carbon fiber in which 
moreover, the conductivity is good a filler, and in which a performance is more high. 



This application is the application insisting the priority which it is based on US60/1 45,266 A filed with Intellectual 
property office on 1999 year July 26. 

The present invention relates to the minute carbon fiber (the fibrous carbon of the coil shape carbon fiber, vapor 
grown carbon fiber, whisker shape carbon fiber, the extension carbon fiber etc is included) which is used as 
moreover, the filler material including the characteristic improvement material of all kinds of the batteries etc. it 
is and, the electron emission meterial for the FED (field emission display) it is the filler material which it uses it 
improves the conductivity or the thermal conductance a metal, a resin, and the ceramics extrinsic various kinds 
material adds and a method of manufacture thereof. Moreover, it relates to the electrode for battery adding the 
minute carbon fiber in the dry cell, the Pb storage battery, and the anode of all kinds of the batteries including 
the capacitor or the recent Li ion secondary battery or the cathode and re-elects the improvement of charge and 
discharge capacity, and the intensity of the plate. 
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The present invention relates to the minute carbon fiber, and it is the carbon fiber containing the carbon fiber 
and boron of the highly crystalline which it did not obtain a convention. The conductivity or the thermal 
conductance is excellent since being the highly crystalline. And it is excellent as a filler including a resin, the 
ceramics, a metal etc. 

Particularly, although the amount of addition is less since being minute if it adds as the filler of the electrode of 
a battery or a capacitor, the diffusion efficiency is high. The big effect is obtained. Moreover, as to the minute 
carbon fiber of the present invention, the intercalation capability of the lithium ion is big. Even if it is the little 
amount of addition, it can enhance the discharge capacity. 



A crystalline is good. More preferably, the layer face space (d002) of the carbon crystallization which the minute 
carbon fiber of the present invention finds due to the X-ray diffraction the thickness (Lc) of C axial of 
0. 335-0. 342nm, the crystal plane is 32nm or less less than 400nm. 

Figure 1 is a graph showing as a function of the diameter of the fiber the interplanar distance (d002) is 
measured about the thing which does not handle the boron processing about the carbon fiber in which these 
inventors are minute and the thing handling the boron processing. It is greater than the interplanar distance 
(d002) which is shown in the d002= 0.3448-0.0028 (log*) (among an equation, (J) is the diameter of the carbon 
fiber.) not to handle the boron processing. However, is materially smaller than the interplanar distance (d002) 
which is shown in a transplant. What boron-processes. Therefore, preferably the minute carbon fiber of the 
present invention can prescribe with the d002< 0.3444-0.0028 (log*) to have the d002< 0.3444-0.0028 (log*), 
and the interplanar distance (d002) which more preferably, is shown in the d002< 0.3441-0.0028 (log*) 
(among these types, * is the diameter of the carbon fiber.). 

And in the review of these inventors, it made smaller than the layer face space (d002) =0.3448= 0.0028 (log*) 
of the carbon crystallization which did not boron-process and showed in fig. 1 . However, it can not 
boron-process and that kind of the small d002 can be realized for example. And yet, that does not lose a 
meaning as the invention of the thing which is according to due to the special processing or can obtain readily 
the minute carbon fiber holding the small layer face space (d002) of in range of the present invention by 
according to the present invention boron-processing from the possible thing with the realization or the control of 
the or difficult condition. 

Moreover, as the carbon fiber in which the present invention is minute, the carbon fiber containing the boron can 
be given. Among the crystallization of the carbon (the graphite), the boron among the carbon fiber exists 
between the crystalline layer. And the boron among the carbon fiber exists as moreover, the grain boundary as 
an impurity in other words. 

The carbon fiber containing the boron within the crystallization of the present invention is the new. And the value 
of Lc and d002 is not restricted to the range described in the above. However, preferably it contains the boron. 
Moreover, the value of Lc and d002 is the thing of the range described in the above. 

The boron is contained. And moreover, the peak half value width of the spectrum of 1580cm-1 of moreover, 
the value of Lc and d002 the fiber of the range described in the above makes R value (the ratio (R) =ID / IG of 
the absorption intensity (ID) of the absorption intensity (IG) of 1580cm-1 and 1360cm-1) of the Raman 
absorption spectrum small over 0.5 to 20~40cm-1 . 

As to these fibers, preferably a diameter is desirable over 10 so that 0.01-1 w , and the aspect ratio make have 
a function as a fiber. More preferably, it is 50 or greater. 



The intensity of a fiber is weak if the diameter of the fiber is the O.01/zm less than. The cut of a fiber etc. is many 
in case of using as a filler including the battery suspicion electrode or the resin etc. It is easy that a function as 
a fiber is damaged. In the meantime, the number of fiber it becomes thick it makes the addition rate (mass %) 
as a filler a fiber fixeds are decreased. And the function of a fiber as a filler is not enough displayed. Moreover, 
for example, in the carbon electrode as the battery suspicion cathode material, the kernel of the graphite is 
included. However, it is difficult that a fiber enters through the , immigrant if a fiber is thick. And the productivity 
of the fiber itself is remarkably degraded if the diameter of the fiber is thicker than 1/zm. Therefore, it becomes 
the cost with *** A-frame. As to the diameter of the fiber from such thing, 1/zm or less is desirable. Moreover, 
the 0.5/zm or less is more desirable. 

The length of a fiber specially does not have a limit. The limit inferior the length determined from the limit inferior 
of the aspect ratio (the diameter of the length of fiber / fiber) is desirable. If the length of a fiber overly draws, it 
gets entangled of a fiber, a problem is generated in a dispersibility as a filler with an etc. Therefore as to the 
high limit, 400zzm is desirable. More preferably, it is 100/ot. Therefore, for example, in case of the aspect ratio is 
50 or greater, a diameter of the diameter of the fiber the length of fiber as to a length, is desirable in 1 over 
0.5/zm in 0.1 /an over 5zzm with 0 0. Preferably, more preferably, the high limit is *** 100/zm with 400/zm. 

As to the minute carbon fiber of the above-described highly crystalline of the present invention, by heat-treating 
the minute carbon fiber under the presence of the boron compound, it can manufacture. It does not intend to 
be placed under restraint of a theory but the boron enters according to such thermal process inside the carbon 
fiber. It can do with the catalytic action that the minute carbon fiber of the highly crystalline of the present 
invention is manufactured. 

Generally preferably the minute content of the boron among the carbon fiber which is effective for the 
compaction purification is by 0.1-3 mass % 0.2-3 mass %. But the boron is good if the boron exists in the 
crystallization of the fiber in the thermal process in the fibre bundle. After it makes high crystal, the boron 
volatilizes with the etc. which more processes the fiber of the obtained highly crystalline as the high temperature. 
It has no relation even if a concentration is decreased than the amount of addition. 

Next, it illustrates about the manufacturing method of the minute carbon fiber of the present invention. 

(the carbon fiber as the starting raw material) 

As to the manufacturing method of the present invention, the carbon fiber which it is done by starting raw 
material can use the minute carbon fiber grown with the pyrolysis of the organic compound including the 
benzene etc. in the weather. For example, it can manufacture with the method of above-described JP7-150419 
A, JP5-321 039 A, JP60-21 581 6 A, JP61 -7001 4 A, 5-36521 A gazette, 3-61 768 A gazette etc. Moreover, if 
the diameter of the fiber is over with 0 Ol. /zm, it can use the minute carbon nanotube or the fiber material called 
the nano-carbon fiber. Having the same annual ring structure. Therefore, it can use about the carbon nanotube 
manufactured by the laser method etc. of the arc discharge method or the multiplet structure, the nano-carbon 
fiber etc. 

The ultrafine particle which it is based on the transition metal or compound, *** seeded about the 
manufacturing process of the minute carbon fiber by the vapor phase epitaxy for example, the transition metal 
or the compound, for example, the iron, the nickel, the cobalt, including, the metal nanopowder or the 
ferrocene etc. is used. The nanopowder or the ultrafine particle of these seeds is formed on the top of the 
substrate. The carrier gas of the hydrogen lamp is arbitrarily supplied to this with the carbon source in the 
weather. It dissolves under the high temperature. About 1 or the minute carbon fiber described in the above 
grows the nanopowder or the ultrafine particle as the seed with the diameter of the fiber 0/6 Ol. /zm. It may be 
acceptable that as the formation method of the seed, it has a method etc. Creates the corpuscle of the iron or 
the compound in the floating state by using the method, for coating with the seed particle dispersed solution or 
the seed original solution on the substrate (it is good even if the inner wall of the heating furnace is decided on 
to a substrate) and being dry and spreading the method, for forming a ferrocene etc. and forming moreover, a 
ferrocene etc. the seed forms on the substrate surface in this way. Besides, the seed does to the fluidized bed. 
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Moreover, as described above, it may be acceptable that in the state, the minute carbon fiber produced to the 
vapor phase epitaxy reacts and the tar or the low boiling point substance which at the same time, it produces 
with the reaction absorbs onto the surface of the earthquake-proof *** groan with large amount. The corpuscle 
of the iron in which moreover, an activity is high exists. Therefore in order to manage to be like that, it supplies 
to the thermal process. 

But it is seen that according to the review of this inventor, the improvement of enough crystalline as to the 
minute carbon fiber, is not requested to the thermal process. So, it examined about catalyst (A preparation, and 
an additive) of the compaction purification. B, al, be, si etc were regarded as a catalyst. However, particularly 
the boron (B) was effective. The boron is added about the normal carbonaceous material and it heat-treats. It is 
differently examined to enhance a crystalline. .( r The carbonj 1996, the No. 172, 89 -94 page, JP3-245458 A, 
JP5-251080 A, JP5-266880 A, JP7-73898 A, JP8-31422 A, JP8-306359 A, JP9-63584 A, JP9-63585 A). 

But it so far does not have the example in which a diameter introduces the boron about the minute vapor grown 
carbon fiber less than 1/zm and improving a characteristic. As shown in reason for the a , below, it had the 
structure in which a fiber was special. And the structure was due to be regarded because of expecting the 
normal carbon material and similar catalytic effect. 

That is, the vapor grown carbon fiber is the fiber of the long wave shape in which the crystalline structure of the 
cross section of a fiber develops into a concentrically. The length of a fiber is different according to the 
fabrication condition. However, an example is difficult that it specifically prescribes because of divided not only 
the simple fiber bay but also the fiber mostly existing in the fiber of the diameter of about 1 with 0 O. However, 
it is a most to result measuring the straight piece to be the scanning type electron microscope that it has an 
average over at least, 5/zm. Moreover, this fiber includes the minute fiber which is additionally cracked from the 
long fiber. Therefore it is the short fiber of about 5/zm as well as the long fiber. And yet, at least, the size is easy 
over the IO /zm to consist of the big Pollock shape more than the IOO w according to the case. Therefore, 
generally the volumetric density as an aggregate is small below less than 0,05g / cm' with 0 Olg. Moreover, it has 
the stereostructure of the floe shape. 

The vapor grown carbon fiber has the other peculiar organization with the normal carbon fiber in this way. 
Therefore, the contact with the graphitization catalyst is difficult. Because of being difficult to uniformly change 
into boron, it is regarded. 

Moreover, in the minute carbon fiber, the carbon crystalline layer was bent in especially, the nearby middle as 
the diameter of the fiber was minute. It what was if the minute carbon fiber could be maintained in case of 
making the interplanar distance of the carbon crystallization small and enhancing a crystalline, whether it had 
the interrogation of any kind of paper whether it was possible to more enhance the crystalline of the *** minute 
carbon fiber to the boron. 

But these inventors examined in earnest. Then, by using the boron as the catalyst (preparation), it could realize 
the compaction purification of the carbon fiber as to the minute carbon fiber manufactured with the vapor 
deposition. 

According to the present invention, it is preferable that the raw material the boron is doped is easy as the minute 
carbon fiber to dope. A crystallization particularly does not develop. It uses the fiber heat-treated in the anneal 
bosom, for example, 1500'C or less, or it uses the carbon fiber of the state that more preferably, it does not 
heat-treat (*** grown). Finally it is thermally processed in the processing (the boridation processing) which uses 
the catalyst of the boron even if it is the fiber which does not heat-treat to the graphitize temperature. Therefore 
the thing of the germinal of a crystallization enough can use. The fiber which preferably consists of a 
temperature more than 230CTC over 2000'C with graphitization treatment cannot be used. However, it does not 
have the need to graphitize in the least if it thinks on the sidp of the reduction of the energy. The side which at 
the same time, makes the catalytic actiou with a graphitization by using rather not to heat-treat is desirable. 

It is easy to handle as the fiber in which the raw material is minute. Therefore, a pulverizing, and the to pulverize. 



- 7 - 



HnwPVPr thino can be used in advance a pulverizing , and a crushing are sufficient as much as it can mix with 
the boron the boron compound. That is although it does not do the former of the boridation process.no to 
tne ompeMength including a filler etc., finally the former is therefore the filler processing including a pulvenz.no. 
a cmshhg a SassiSlon etc. good for the Hoo which boron treatments. Generally it is obtained to the vapor 
chase epLy t be htek (diameter). It may be acceptable that these consist of the floe shape. Moreover, the 
raw mateffiiber is good even if it heat-treats. However, the thermal annealing temperature can .ess than 
1 500 'C . 

(the boron or the boron compound) 

The boron or the boron compound used in the boridation processing is not limited specially. However the thing 
oHheZpe ty as follows is suitable. The boridation processing is performed to a temperature more than 
2000* The refore the boridation processing is good to use the material, which does not disappear with the 
decomposi'on etc for example, the element phase boron, B203, H3B04, B4C, BN, other boron compound 
before reaching 2000 "C at least. 

Generally the amount doping the boron in the carbon is 3 mass % or less. Therefore, the amount of addition of 
^rKmbSion or the boron compound is adequate as the boron atom conversion ,n consideration 
of th reaction rate about the carbon amount less than 10 mass %. Occasionally the processing costs . easy 
■ ihf I2n nf thP thPrmal orocess not only *** quality, with the melting sintering below if there is much used 
'amount 'of M^ t^ZX** textile surface is coated. The fi.ler characteristic is lost increasing 
the electric resistance. 

A porosity is very big the volumetric density is very small the minute carbon fiber (less than the dtameter of the 
Ibe? S has the stereostructure of 3D, and it is easy to take shape the floe shape. Moreover the boron 
amounTadded is di^icult to uniformly contact two to the thing which therefore only mixes two less than 10 mass 
% preferably to be less less than 5 mass %. 

In order to be good with efficiency, perform the introduction reaction of the > boron a fiber and I boron or ^the 
boron compound are well mixed. It uniformly contacts as much as possible. For that, the part.cle of the boron 
or the boron compound uses that the grain size is small as much as possible. Moreover the heavy doped region 
is partial partly generated if a particle is big. And it may be caused by of an integration. Concrete y 
preSy more preferably, the particle size is 20*. or less to the average particle d.ameter less than 100 ^ 
less than 50^m. 

Moreover the case of using the boric acid etc. adds as the aqueous solution The method or the method for 
disLppea ing the moisture in the heat history can use. For evaporating the moisture in advance. The boron 
compound can be uniformly attached after the moisture evaporation in the textile surface ,f the aqueous solut.on 
is uniformly mixed. 

Firstly the minute carbon fiber by the vapor deposition referred to, as if the volumetric density dies. It moreover 
heat-treat^ Xs in the aggregate of the manufactured state less than about 0.01g / «f. The state pulverizes with 
pufve Sng an extent in the regular product distributed with the O.02-O O. 8 g. Therefore, as to the m-nute 
ca bon iber in order to heat-treat this because of having many porosity, the productivity not only he thins k in 
which it s necessary to have the heat treatment brazier in which the capacity is very large and the fac.hty cost is 
expensive is bad Therefore, the method for introducing the boron to the efficient method need to be developed 
to the case of the normal carbon material. 

Moreover in order that the introduction reaction of the boron is efficiently reacted, the contact of the boron and 
Son need to be enough maintained. For that, it mixes to homogenize both sides. It enough contacts. 
Moreover in the process of the thermal process, both sides separate. A concentration does not flow. 

A fiber and boron or the boron compound are uniformly mixed for that. It can heat-treat at the state. However, 
preferably it h°ghly densities. Moreover, the state is done as much as possible and ,t heat-treats. As the 
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desirable method, after both material is mixed with a pre-baking in the present invention, a pressure is added to 
a mixture and it compresses. It highly densities and ft settled. 

Firstly, as to the mixing of a fiber and boron or the boron compound, a method is good if it can maintain an 
uniformity. As a mixer, it is *** good with mixer. However, comes into the market the minute carbon fiber is 
easy to consist of the floe shape. Therefore in order to pulverize this, this is desirable than the thing rear side in 
which a chopper is adhered of the henschel mixer type. It may be acceptable that as to the raw material fiber 
used, the thing of the herbs which is manufactured firstly as if it referred is the processed product at a 
temperature less than 150CTC of the fiber. Area, the method for mixing the thing of the herbs economically 
manufactured through a performance is desirable. 

It is the method for highly densifying the mixture of the carbon fiber and boron or the boron compound and 
settling that both sides separate in order not to be easy. The molding method, and the granulation method, or 
the mixture are put in into a crucible and it narrows down to the fixed shape. A method including a method etc. 
for filling is good. Moreover, it may be acceptable that in case of the molding method, the shape of the molding 
product the original shape is a shape including the cylindrical shape, the sheet form or the cuboid etc. 

It highly densities. Preferably the fixed volumetric density of the mixture is over over the O.05g / cm' with 0 0.6 

g. 

After a mixture is compressed and it does to the molding product, a volume is a bit expanded if a pressure is 
opened. A pressure has the task in which the volumetric density goes down. However, the volumetric density of 
an immobilization after the pressure opening becomes the volumetric density in the compression the case over 
the 0.05g / cm\ Moreover, a fiber is put in into the use of an instrument. Even in that case, in order that the 
process efficiency is raised, by using a platen etc., it compresses so that the volumetric density be over the 
O.05g / cm' or moreover compressing it can heat-treat. 

In this way, the boron or the boron compound is added. Next the fiber enhancing moreover, the volumetric 
density heat-treats. 

In order to introduce the boron within the crystallization of the carbon, preferably the necessary processing 
temperature is 2300 "C over 2000 "C. The reactivity between the boron and the carbon are bad if the processing 
temperature is not to 2000'C. The introduction of the boron is difficult. Moreover, it is preferable that a diameter 
moreover, the crystalline of the carbon is improved the introduction of the boron is promoted with first floor 
maintains over 2300°C if wants to a d002 in the fiber of about 0.15/zm less than 0.3385nm. The high limit of the 
thermal annealing temperature specially does not have a limit. However, it is about 3200'C from a limit including 
the apparatus etc. 

It may be acceptable that if the heat treatment brazier used is the furnace which preferably can maintain the 
intended a temperature more than 2300°C, it is good over 2000 °C. It is, the arch hand furnace, the resistance 
furnace, and a apparatus of the high-frequency furnace extrinsic. And it can use the method for directly 
electrifying in the pulverized body or the molding product and heating according to the case. 

As to the mood of the thermal process, preferably the rare gas mood including the argon etc. requires the mood 
of a non-oxide. As to the time of the thermal process, in the side of the productivity, the possibly short side is 
desirable. Particularly, it is sintered and it becomes stiff with the long time heating lower-part. Therefore, the 
production yield grows worse. Therefore, after the temperature of the central part including the molding product 
etc. reaches to the object temperature, it is adequate as the holding time less than 1 hour. 

The d002 of the carbon fiber of the present invention could be done with this processing less than O.3420nm for 
the first time. A crystalline could be improved. But more preferably, the Lc (the thickness of the layer of C axial 
of the crystalline of the carbon by the X-ray analysis method) stayed at 32nm or less less than 40nm. It was 
evident not to particularly change with the heat processed product which did not add B. If the d002 which the 
normal graphitizable carbon material graphitized was small, Lc was the common practice to be enlarged. 
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However Lc was not enlarged in case of the fiber ol about 0.2/ai of the present invention. It was 40nm or less. 
And it was on a par with the case which did not add 6. That is. a d002 is characterized that it is small. 
However, Lc does not change. 

Moreover, as to the normal vapor grown carbon fiber, according to a heating the peak of 1580cm-1 of the 
Raman spectrum was raised. The peak of 1360cm-1 reduced. That is, R value was small. And at the same 
"me finally it fell to about 0.1 -0 2 with a graphitization. However, it was the boron processed product of the 
present invention. R value was about 0.7-0.8 over 0.5. 

Moreover, the peak of 1580c«-1 was raised. Simultaneously, the half value width became narrow to 
20~40Cm-1 . 

As it was enhanced of these, the reduction of a d002, and the peak of 1 580cm-1 , the conductivity was 
improved. And concretely the value of a cm was gained less than a cm with 0 0. 

But if the fiber which did the pressure molding etc. and which it highly densified hea t-treated a portio " sintered. 
It consisted of the block type like the regular product. Therefore, in the state, an electrode etc adds, or since it 
is impossible to use in the electron emission possibility material, the molding product ,s pulverized. It has no 
choice but to do as the filler material to the appropriate form. 

Consequently, it distributes and in order to be suitable as filler material this block is processed a Pulverizing, and 
a crushing Simultaneously, the non-fiber water is separated. The filler performance is degraded if it overly 
pulveSes fin a then. A mixing with the electrode material does not go well if moreover, a crushing ,s insufficient. 
The addition effect does not come. 

In a preferable type, in order that it does as a filler, firstly the thing of the block ^ape of a Post-baJ ung is 
pulverized with the size less than 2mm. It again pulverizes to the pulverizing device. The P u . lverlZ,n 9^. a n C p h, ^ 
including the ICE crusher or the lot FLEX etc. can be used is commonly used as the pulverizing machine. As the 
nulver zing device the pearl Pella lice base or the free pulverizing device, which is the pulverizing device of the 
?mpa type moreover, the pulverizing device including a microjet etc. can be used. The classification separating 
the non-fiber water can perform into the air distribution etc. It is preferable that the grind quantity class 
con^on I the length of the kind of the pulverizing device or the fiber the filler characteristic ,s shown he kind 
is SuTerent according to the operation condition is done by the range of 5-400*.. Preferably, more preferably, 
the aspect ratio is 50 or greater over 10. 

Preferably more preferably, it is below less than the or morectf the 0.2g / erf less than the or morecrf 0.1 5g / cirf 
with 0 00 1 g if this fiber is shown in terms of the volumetric density after the crushing classification the 
Sumetric density is over 0.2g / «f. because of being thick, it follows and while be.ng s hortened the f.l.er effect 
of the length of a fiber is degraded like 5^ or less. Moreover, if it is smaller than 0.001 g cm. it is long And . 
becomes inferior to be blocked as a filler. The volumetric density charges a fiber to a container. It vibrates. It is 
the volume the volumetric density was nearly fixed, when a volume reached and the tapping part blood density 
saved from the mass. 

The minute carbon fiber of the present invention the electrode for battery adds. It can improve the P e ; form a nce 
of a battery A battery which need the intercalation capability the conductivity of the electrode plate of the hth um 
battery the lead accumulator, the polymer battery, the dry cell etc is improved as a battery can be given. As to 
the minute carbon fiber of the present invention, a crystalline is excellent. And the conductivity is good. 
Therefore it can enhance the conductivity of these batteries. In addition, it therefore can increase dm and 
discharge capacity that the intercalation capability as the carbon material for cathode is b.g of the I'thium 
battery Particularly, as to a d002 Lc less than 3.3420nm. is the minute carbon fiber less than 40nm, the effect 
described in the above is big. However, a crystalline of the value of Lc and d002 likes the carbon fiber of the 
do n contain for the range outside described in the above in comparision with ihe minute carbon fiber wh ch 
does not contain the boron and the conductivity is high. Therefore, it can use as the use described in the above. 
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As to the amount of addition of the minute carbon fiber of the electrode middle, a range less than 20 mass % 
over 0.1 mass % is desirable. The charge density of the carbon in an electrode becomes smaller if the amount 
of addition is enlarged than 20 mass %. Charge and discharge capacity when being done by a battery are 
degraded. Moreover, the addition effect is less if it is less than those of 0.1 mass %. 

It respects to add the minute carbon fiber and be done by an electrode. For example, the cathode of the lithium 
battery the graphite powder or the meso fuse carbon microbeads (MCMB) etc. are used. However, the carbon 
fiber and the minute binder are added in this. It enough mixes and a fiber is uniformly dispersed as much as 
possible. 

(embodiment) 

Concretely it illustrates with below embodiment. Moreover, an effect as the filler of an electrode is disclosed. 
The compaction purification of the minute carbon fiber, 
(embodiment 1) 

The minute carbon fiber which is the starting raw material again heat-treated the vapor grown carbon fiber 
obtaining the benzene from the publicly known method (for example, JP7-150419 A) which it thermally 
decomposed at 1200'C under the presence of the organic compound containing the transition metal. The fiber 
gathering in this floe shape was pulverized. The volumetric density the O.02g / cm*, and the length of a fiber was 
done about to a IO~100/an. As to (A diameter), a most was the 0.5/zm below (the average diameter observed in 
the SEM picture is 0.1~0.2/zm) to be thick of a fiber. As to the layer face space (d002) by the X-ray diffraction 
of this fiber, 3.3407nm , and Lc continued with 5.6nm. 

It was the B4C powder of the average particle diameter 1 5m at this fiber 2.88kg with 120g addition. It enough 
mixed to the henschel mixer. This mixture was filled in the graphite crucible of the cylindrical shape of the 
capacity 50 liter. It compressed and the volumetric density was to the O.075g / cm'. A lid was covered with 
compressing to the platen of the graphite. It put the arch hand furnace into the arch hand furnace and it heated. 
As to the temperature at this time, the heating time to 2900°C, the time consisting of 2900°C is 60 
discrimination. 

It cooled after the heating processing. A fiber was taken out of a crucible. It pulverized to the VAN mill after 
pulverizing with about 2mm. Thereafter the non-fiber feature was separated according to the air distribution. 

It did not change to be thick of the obtained fiber. However, the length 5~30^m, the volumetric density was the 
O.04 g / cm*. The boron content of this fiber, a d002 by the X-ray diffraction, and the value of Lc are shown in 
the table 1 . B4C is not added and the carbon fiber heated is shown in the Comparative Example 1 of the table 1 
in the same 2900°C as above statement. 

(embodiment 2) 

The carbon fiber which it obtained identically with the embodiment 1 was pulverized. It and then pulverized and 
the volumetric density was to the O.05g / cm'. The length of the fiber at this time was 0.06/zm to the average 
diameter observed to the SEM picture with the most 10~50/zm to be thick. The B4C 6g of the average particle 
diameter 10 was added in this fiber 150g. It enough mixed to the henschel mixer. This mixture was mounted 
to a molder on a cylinder. It pressurized and it molded to the cylindrical body of the diameter 150mm. The 
volumetric density after a molding was 0.087g / cm'. 

The graphite was put in the graphitization furnace which it was done by the heating element and this molding 
product was heated at 2800°C among the argon air current with 60 discrimination. 
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The molding product was taken out after the heating processing. It simply pulverized with an induction less than 
2mm. Moreover, it pulverized to the VAN mill. The volumetric density of B dope bosom gained with the air 
distribution reelability of cocoon was with 0 0. The length of the fiber at this time was mostly 5~20/an. 

The boron content of this fiber, a d002 by the X-ray diffraction, and the value of Lc are shown in the table 1 . 
B4C is not added and the carbon fiber heated in 2800 "C is shown in the comparative example 2 of the table 1 
like above statement. 

(embodiment 3) 

The minute carbon fiber which is the starting raw material did not heat-treat this carbon fiber obtaining the 
benzene from the publicly known method for thermally decomposing under the presence of the organic 
compound containing the same transition metal as the embodiment 1 and it like that pulverized. It the 
volumetric density to 0.01 g / cm 1 . A most was 0.13/<m or less to be thick of a fiber. The B4C 8g of the average 
particle diameter 19/an was added in this fiber 200g. It enough mixed to the henschel mixer. This mixture was 
mounted to the molder of the cylindrical shape. It pressurized and it molded to the cylindrical body of the 
diameter 150mm. The volumetric density after a molding was 0.07g / cm*. 

The graphite was put into the graphitization which it was done by the heating element and this molding product 
was heated in 2800°C among the argon air current with 60 minutes . 

It was the molding product in after the heating processing. It simply pulverized in an induction less than 2 mm. 
Moreover, it pulverized to the VAN mill. The volumetric density of the boron dope bosom which was the air 
distribution and was obtained was 0.03g / cm'. 

The boron content of this fiber, a d002 by the X-ray diffraction, and the value of Lc are shown in the table 1 . 
B4C is not added and the carbon fiber heated in 2800°C is shown in the comparative example 3 of the table 1 
like above statement. 



(embodiment 4) 

The carbon fiber which did like the embodiment 1 and obtained was pulverized. It and then pulverized and the 
volumetric density was to 0.02g / cm*. The length of the fiber at this time was medially about 0.04/an with the 
most 10~50/zm to be thick. The B4C 120g of the average particle diameter 1 was added in this fiber 3000g. It 
enough mixed to the henschel mixer. This mixture was filled in the inside diameter 100mm, and the graphite 
crucible of the inner depth 1 50mm with 88g. The volumetric density at this time was the O.08g / cm*. 

A lid was covered on this crucible and it put in the carbon resistance furnace and it heated in the argon air 
current inside, and 2800'C with 60 discrimination. 

The molding product was taken out after the heating processing. It simply pulverized in an induction less than 
2mm. Moreover, it pulverized to the VAN mill. The obtained air distribution reelability of cocoon , and the 
volumetric density of the boron (B) dope bosom were the O.04g / cm*. Moreover, it is seen that the boron of 
1 .02% is introduced from the analyzed result of the boron among the crystallization of a fiber. Similarly, a d002, 
and the measured value of Lc are shown for the table 1 . (d002=0.3395nm, Lc=25.4nm) .And, in the process of 
being the same, the d002 which it confronts not to add B4C, and the value of Lc are shown in the comparative 
example 4 of the table 1 . (d002=0.3405, Lc=21 .6nm). 

Next, the pulverulent resistance of the obtained fiber was measured. The method of measurement is the method 
which it shows after this inventor develops. 

As to this measurement cell, as shown in Figure 2, a depth is made of the lOmmxSOmm angular of the 
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compressive load (2) for the cell (4) of 100mm and indentation and accepter (3). The pulverized body of the 
predetermined amount is put into a cell. A pressure is added from the top to the compressive load (2) and the 
pulverized body is compressed. 

And while a pressure and volume are measured, the current 100mA is spilt from the electrode (1) installed in the 
direction of a perpendicularity and consecutive pressurization direction. The voltage (E) (V) between 10mm of 
the measurement jack (6) coming from an accepter of 2 is read. The resistance value (R) &-cm is calculated 
from the equation of below. 

R=E/100(Q-cm) 

The pulverulent resistance is different by a density. Therefore the evaluation compares to the value of the regular 
density. In this measurement, it compares to the value when the pulverized body density is 0.8 / cm'. 

This result is shown in the table 2. 

The d002 of the product at this time was measured. Then, 0.3395nm, Lc was 25.4. 

And in the process of being the same for a reference, the resistance value which it confronts not to add B4C is 
shown in the comparative example 9 of the table 2. 

(embodiment 5) 

The thing of the 0.2/zjn in which a diameter was large with the vapor grown carbon fiber by the Holotrichia like the 
embodiment 1 than the embodiment 4 was heat-treated in 1300 e C and it pulverized and the volumetric density 
was to the O.05g / cc. The B4C 6g of the average particle diameter 10/on was injected in this fiber 150g by the 
henschel mixer and it mixed. The inside diameter used a cylinder and pressure device of 150 $ X400mm a dyad 
and it molded to the cylindrical body of 150 0 x 100mm. The volumetric density at this time was 0.030g / cm'. 
However, it filled this in a cylinder. In that way it compressed to the O.08g / cm\ 

This molding product was put in the graphitization furnace the graphite heater to the heating element and it 
heated to the ramp-up rate 15'C / min in the argon atmosphere. The heating temperature at this time was 
2800 'C. 

A post-baking, and a fiber were taken out. It lightly pulverized in an induction less than 4mm. Moreover, it was 
the O.03g / cm', a crushing , and the volumetric density after a classification could know as the VAN mill from 
moreover, the analyzed result of the boron to could introduce the boron of 0.93% in the crystallization of a fiber. 

The resistance of the obtained pulverized body is shown in the table 2. 

At the same time, the d002 of the embodiment 5 was joined and it showed. However, the degradation like the 
embodiment 4 was seen. Moreover, lc was 29.9nm. And the d002,Lc which it confronts not to add B4C in the 
process of being identical in order to refer is shown in the comparative example 5 of the table 1 . 



The confirmation of the filler effect, 
(embodiment 6) 

In order that it examined whether the pulverulent resistance when adding this fiber in the carbonaceous material 
for a cathode could be really degraded, the present invention bosom of the embodiment 4 was added in the 
graphite particle (average 10/zm) of the marketing. The relation of the pulverulent resistance and amount of 
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addition was measured and it saved. Moreover, the relation of the pulverulent resistance and the amount of 
addition when adding the fiber in which B of the comparative example 3 was not added was measured and it 
saved. 

When a fiber is not added, 3% addition, 5% addition, and each resistance when being 10% addition are shown 
in the table 3 And the method of measurement of the pulverulent resistance is the embodiment 4 and likeness. 
However, the volumetric density in a measurement is desirable to compare to an electrode and the equivalent 
density. Therefore it is the resistance value when being the density of 1 .5 g / cm 1 . 

Next, the embodiment as the electrode of the lithium battery of the fiber described in the above is shown, 
(embodiment 7) 

Firstly, an electrode was comprised of the fiber itself (100%). An effect by the fiber of the present invention was 
investigated. 

The PVDF (*** all-right) was added by 3 mass % in above statement example 1 ,2 and 3, the Comparative 
Example 1 , and the fiber of 2 and 3. It compressed on the nickel mesh and it did to the functional pole 
(cathode) The Li metal was to the object pole and the performance of a battery was measured. As to an 
electrolyte the combination ratio of both sides of the ethylene carbonate (EC) dissolving the UPF6 of the Gram 
formula weight and diethyl carbonate (DEC) used the solvent of 1:1 as the volume ratio. The electric current 
density in the evaluation of a battery did to the 0.2mA / g/6. 

Result measuring the discharge capacity of these batteries are shown in the table 4. 
Next, the embodiment of the electrode adding this fiber is shown, 
(embodiment 8) 

In the carbon material in which it becomes the cathode material of an electrode, the graphitized particle 
heat-treating the pitch coke in 3000 "C of the average particle diameter 16/an was used. This graphitized particle 
used in the thermal process (G1) not to add the boron added the boron. The boron content of GB is 0.98 mass 
%. 

The plate added respective 5 mass % the fiber of the embodiment 1 or the Comparative Example 1 in the 
singleness of these GBs or G1 and GB or Gl. Therefore it added PVDF of 3 mass % and it made slurry. It 
compressed on the nickel mesh and it made. An electrolyte, and the object pole and electric current density did 
like an example. The measurement result of the discharge capacity is shown in the table 4. The reference 
example 1 and 2 independently, singly comprise an electrode GB.G1 described in the above. According to the 
rate the discharge capacity of the discharge capacity of G1 or GB 95 mass % and carbon fiber 5 mass %, the 
calculation value of the discharge capacity among the table adds up to a falsely. 



As seen from the table 4, the minute carbon fiber was added in the carbon material in which the cathode 
material was. If it was done by the electrode (cathode) of the lithium battery, it was proven that the discharge 
capacity was higher than the value calculated from the discharge capacity which the cathode material and the 
minute carbon fiber itself had. Particularly, the boron is added as the minute carbon fiber. It processes in the 
high temperature. Especially, this effect is high in case of the fiber enhancing a crystalline. That is, if the minute 
carbon fiber which was boron contained in the carbon material of the cathode material was added, a reason 
was not exact. However, a reason clearly had the synergistic effect. A reason was clarified in case of especially, 
the minute carbon fiber of the highly crystalline that it had the notable synergistic effect. 
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Scope of Claims 
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Claim 1 : 

The minute carbon fiber wherein the diameter of the fiber is 1/zm or less; the layer face space (d002) of the 
carbon found due to moreover, the X-ray diffraction is in range of 0.335-0. 342nm and it is satisfied moreover, 
the d002<O 3448-0.0028 (log*) (among an equation, $ is the diameter of the carbon fiber.); and the thickness 
(Lc) of C axial of a crystallization is 40nm or less. 

Claim 2 : 

The minute carbon fiber of claim 1 , wherein the layer face space (d002) of the carbon is satisfied the d002< 
0.3444-0.0028 (logd>). 

Claim 3 : 

The minute carbon fiber of claim 1 , wherein the peak half value width of the spectrum of 1580cm-1 of R value 
of the Raman spectrum is 20~40cm-1 over 0.5. 

Claim 4 : 

The minute carbon fiber containing moreover, the boron within the crystallization of the carbon fiber the diameter 
of the fiber is 1 m or less. 



Claim 5 : 

The minute carbon fiber of any one of claims 1 through 3, wherein the boron is contained within the 
crystallization of the carbon fiber. 

Claim 6 : 

The minute carbon fiber of claim 5, wherein the content of the boron is 0.1-3 mass %. 
Claim 7 : 

The minute carbon fiber of claim 5, wherein 1 , and the aspect ratio of the carbon fiber is 10 or greater with 
diameter 0/6 Ol. 



Claim 8 : 

The minute carbon fiber of claim 7, wherein the pulverulent resistance of the vertical direction is 0.01 G-cm 
less about the pressurization direction when pressurizing to the density 0.8g / cm'. 



Claim 9 : 

The minute carbon fiber of claim 5, wherein it is the carbon fiber in which the carbon fiber is manufactured by 
the vapor deposition. 



Claim 10 : 

The manufacturing method of the minute carbon fiber wherein the boron or the boron compound is added i 
minute carbon fiber less than the diameter of the fiber A m \ and the minute carbon fiber is heat-treated in a 
temperature more than 2000°C. 



Claim 11 : 

A manufacturing method of the carbon fiber comprising the steps of: adding the boron or the boron compound 
in the minute carbon fiber less than the diameter of the fiber 1^; doing the volumetric density of the minute 
carbon fiber over the O.05g / cm", and it heat-treats the minute carbon fiber as described above in a temperature 
more than 2000°C while sustaining the volumetric density. 



Claim 12 : 

The manufacturing method of the minute carbon fiber of claim 10 or 11 , wherein the amount of addition of the 
boron or the boron compound is 0.1-10 mass % as the boron atom about the carbon fiber. 

Claim 13 : 

The manufacturing method of the minute carbon fiber of claim 12, wherein the boron or the minute carbon fiber 
adding the boron compound is 1 , and the carbon fiber more than the aspect ratio 10 with the diameter 0/6 O. 

Claim 14 : 

The manufacturing method of the minute carbon fiber of claim 13, wherein the boron or the minute carbon fiber 
adding the boron compound is the carbon fiber by the vapor deposition. 

Claim 15 : 

The manufacturing method of the minute carbon fiber of claim 14, wherein it is the sintered product in which the 
minute carbon fiber as described above of the boron or the pre-baking adding the boron compound performs 
the thermal process to the vapor deposition after the growth. 

Claim 16 ' 

The manufacturing method of the minute carbon fiber of claim 14, wherein it is the non-plastic product in which 
the minute carbon fiber as described above of the boron or the pre-baking adding the boron compound does 
not perform the thermal process to the vapor deposition after the growth. 

Claim 17 : 

The electrode for battery of any one of claims 1 through 3, wherein the written and minute carbon fiber is 
contained. 

Claim 18 : 

The electrode for battery of claim 5, wherein the written and minute carbon fiber is contained. 
Claim 19 : 

The electrode for battery of claim 6 or 7, wherein the written and minute carbon fiber is contained. 
Claim 20 : 

The electrode for battery of claim 8 or 9, wherein the written and minute carbon fiber is contained. 
Claim 21 : 

The electrode for battery of claim 17, wherein the content of the minute carbon fiber is 0.1-20 mass %. 
Claim 22 : 

The electrode for battery of claim 18, wherein the content of the minute carbon fiber is 0.1-20 mass %. 
Claim 23 : 

The electrode for battery of claim 19, wherein the content of the minute carbon fiber is 0.1-20 mass %. 
Claim 24 : 

The electrode for battery of claim 20, wherein the content of the minute carbon fiber is 0.1-20 mass %. 
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§4, s.^3. 61768 s ^ ■!•) a ^-fhfe, 43°1 f-^ 0.01~5/<n)^E°14. neiq-, 4f-°l 0.0Uan°l#°l£. 7]^- 
W44^d-fl-4 4^ A o\ 7}^-M-in-^JiM- 4-5-4^-frH £1^44. 

^5}2i ^.o.s.o] ^3*11 (^1)3.44 -§-£7]- *flt>£lJi 514. ^cH^i 



Z-Z]*}?}^ 0 }*} (MPCF), °dS^-'?i, ^f 1 3Ei, £sl ^'S^-'?! -i- 0 !^. ol# -g-^-^Hl 3)^1^1 -5"^ I L>4i^-S- 
4 ^7>s>fe 5J£ *fl°d£H 514. it °o k ^°11^ S^d^ **r°1^3.*\, *^ D lr 0 14 ?>*#«! ^"^ °1 

■§-Sli 514. 
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°1] f-^Tj #?}S}-^-l- (Graphite Intercalation Compounds)^ ^4. °1 ^7jSr^-l-& "V-§-l-^# 

^(^Hij^n^tt)^ -§-°lsHl ^efl^ £.0^5. s]#o r ^4. "1^ iBi^-n-fe ^d^lM-, 1*d£^°l 

7|U°M, 5E*V, HEl^Eflol^^-^-i: Ji^7l allS-o^ ;|)7]-S r 0lef£ *d*14 -§-^* #^fe ^-fr SU. &^7%$ ^7} 
xflS.^ ^^3. $14. 



Li?l*14 JI-g-^SHlfe °1 ^^M^^-fr -8r&)fe ?H *H<y°14. ^WH^fe^ -fr^l 

4^4. 4^-fr ^ ^-±7)1 %7\% ^ flail, ^1 T^-^ ?H 4^44. Q±4£-2) 1^ 

^■i- SWIfe, f- A o\ *i34fe ^^"^H ^l-g-SU 5U4. 



°1 4±4j-n-» ^7}t}^, *d^£7 r 714^4. tr^-eH 20^^%°1*1-, aft^*f^lfe lO^^/o 0 ! 

44°1] -$7\s\°l $14 &4. ^ "fl^l °l #*Mfe 1^^* ^ A o v *fl£ €■ *j7)-3:4fe 7ltl]t ^ &44ii A <S4 

SU, o]e-|^ 4±^-n-4 ^^^4 ^^l?)-^ 4fe H-Sr^H "I434fe 3°14°tife ^SS]<H °1*1 

&4. 



n #Hfl $lfe 4^-fKr X^^^S- ^^#^7j^ (do02 )fe 3.385A>±4 Hi, 1 

^ £ acj-xi &fl4. 

EE. si, .Il-§-^^^ H^ofl td^ cH^Sl ^-ff-f- f^J-3471 4*114 *d^3 ^7]x-j*j-ol ^ 7flS.7> ii^-sU 514. 

l)nH^ ^-n-I-^ 100°l A o V 4 ofliajEHl^. 7f7.)o] i £^Sfli7f ^cfef^ 5} t 

aeiur, A l?i£lS life l^mol«>Sl 7|#-§- ^fe Dl^l^-n-l-^^ 0.8g/cn.'S] ^JEtfEH^ $7}® 

-fwj- 4 "Ir^-i- 1r A cM7} -§-^# 5] "3, ^^?r , L> °H4, 

jej4, ^ll-ol 0.15/an^£Sl nlxfl*V -fj-^l^ ali^ o.)- 30 00t ol^S] 7><l* r Cl^E. 

(d 002 )^ zJ .4 7 ^fe 0.3385nJi4 $4 ^ 7 A£ t7>fe§S4. 
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£*dlH #«H£. ^£7} 0.8g/afa «H^I £*fl^<2-i£>l O.OIQ • cm?} ^ 
a ^oi^ 7 |a o v^ 3**1 »«■¥- ^ ?H ^\S. ttSL-L, 3^*41 £fe 

?fl «*2H d 002 3 3€r*Kn. 5ft**. <*# ft«, «f 0.15^ 0. 

3385nm 0 05^°U1fe 0.3400nm, «t 0.02jtai4Mfc 0.3415nm, O.0UflH*MHfc O.3420nm°l °13 
ili}. ^0.15^ d 002 3 f^^fe 0.3385nm^H7> I^Mjl, 3000 "C °1 7><a*Wfl5L d ooz 

3 3 3* d 002 # 0.3385^4 *M *M Wife ^eJ^Sfe 1^ if^S. ^n*fl 

^1^77^1 JLc4^nll# oj-g-sH ^li-o] mmol5}Sl d) A-fl *V #±*%-$) «-^-gr ^sfe *l£fe &&4. £ 

^ o]e-i*v ij-W a^s* n^fe »h« ^i-a-fr7> *°i*mm* °i**Hr u-s-s-s. a 3 4* 

£ °l^tb 14 £t« 71^-^AS.fe ol*>S] zj- %VS^ ^ O.S. ol^-<H^14. 

(1) -a*^l»°l l^°l^°H. X-tf S\*A^°-3- ^ #^7>^(d 002 )°] 0.335 ~0.342nm (SE^ 0.3354 
~O 3420nm)^ "it* d 002 < 0.3448 - 0.0028 (log* ), «>^*Mlfe d 0 oz < 0-3444 - 0.0028 (log* ), 
jicf d 002 < 0.3441 -0.0028 (log* )(°1# 4*. * * ai^o]^* l^^l C^^ 
^21 ^-11(Lc)7} 40nm°l5>^ D Hlt> ^dt^-fr. 

(2) (l)°fl 5l°1 A l ^Ji^m^Sl R«t°l 0.5°l A o v , 1580cm $\ *\3.#tk%°] 20~40cm'' °J * 

(3) ^^1# 0 1 lwn 0 l*}°l^, -S-i* l^Ml-Hl ^-S-^fe 

(4) 0) (2)°fl StI*H-H. £4^-8-3 1^^°11 t-a-*V^ °1^1^ ^^-a-. 

(5) (3) (4)<H| 5a<H^, -§--^ a l 0.1-3^^%^ S^*. 

(6) (i) Ml ^1 (5)f -°KH1 sa«H^. £-^-3-7} o.Oi- 1/*. °H^a]i=til7> ioo|^°J D l^l* 

(7) ( sa<H^. ^ 0.8g/cm 3 ^-S 7p te HS-§- ufls] 7}<$yeM t^*] ^WQSH S-^fl ^ 0.01Q- cm°l^°J 
nl/fl*l fli^-H-. 

(8) (D ^fl^i (7) ^ sa«H^. "e^-fr^i- 7i^oii aisii >ii d h« <l>^^-s-. 
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a D )Ai)*V el^-frs] *s<|'aj£# O.05g/cnH .5.3. a^H 

^71 -iM^*! t>H1*V 2000°C^^ £JE°1H t^sRr ?J-§: ^-5-3. *>ir "1^1^ 

(H)(9) Sit (10)°fl $I°H, ^i£fe -g-isl-tl-^ ^7^ol -g-i^x}^ EBi^-a-o)l cflsflAi, 0.1~10^^%°J 
n) 4 *1 xfl 

(12) (9) vfl ^1 (11) ^ t\^o\] SXo]A] t %± g-iSj- t-l-i- ^l-sRr ^i^-H-7> 33 0.01~l//m, °fl 

(13) (9) (12) f 1 S1<H^. g-±SK&i-8- ^±^^7} 7l^<Hl SRI U± 

(14) (13)°fl 5U<>H, ^£ Stfe -W-^^tM-l- ^H'ffe 1*1 3 3 3 ^71 014*1 ^V^-B-7> 7|^^^S. ^^ofl 

1*12-11- *Hti 'Si^-n-s] ^ls 1 ^. 

(15) (13)°fl SH*! %± ££fe S-r&S^S-fr %7}*M£: A oM <1^2l^S] a o v 7 i oi^sv £±^-ft-7>, 7l^>a O.S. 

(16) a cM (i)~(8)f i *l-i-H 7l*1l€ fht-y-n-* Sl*l-8- *i^. 

V. Vie) -,'ivH'l- t! 1 ^ 

£ 2tt £ t^S) £*WJ-§r %3*Hr 4*12} ^£o|cf. 

t| A| di| 

a. *iv§o) ^i-a-frfe #H, X^SJ^SL fa^(d 00 2 )°1 0.335 ~0.342nm°M, 

I^Sl C^IUM ^?)l(Lc)fe 400nm°l#. Ji4 HV^^sHlfe 32nm°l *H 4. 

£ 1-8- £ "HI"?!- fl^-fHl ?l*fl A 1. -g-rfc^elt- ^ -g-4:^ell- *1 ?Ml f^^Hd 

ooz )* ^ 3 8*M. ^-f^lf-Sl fK-^ A 1 <4t>VJ ne)| = o|c)-. -g-i^^l- f>\x} d 002 = 0.34 48 - O.0028(log 

c]> )(^!§, * 114--^*^ i^^)o]x)^ %-l}7W(d 002 )^ 3.^. %±*\m i & 7 A£ °\ ^'5.5. 

Ml<H^fe t ^7^(0002 )Jicf S)<H ^4. 4£+ A i, -S- d 00 2 <0.3444-0. 

0028(log<I> ), uf^-^sfTllfe d 002 <0.3444-0.0028(logcl) ). 4t^l*Hlfed 0 02_ < 0.344 1 - 0.0028 (log* ) (°l 

1- 4f \ $ €i A ^-?T^ 33°14.)3. ^EH<H7.)fe #^V7Hel ( do02 )» ^^4^ fPjt ^ 

S£, ^T-l-l-e} -g-^^el*H ^Jlfe S. ^i^^^l #^ 7 J:^(doo2 ) =0.3448 = 0.0028(1 

ogcj) )Ji4 ^7)| -t ^fe ^51^1^. ^4i^e1*H zisf 4-8- d 002 » ^ ^4«flH, ^^-8- ^ 

*lel5f^ 5Jofl ^ t-gsi Sfliflsl 4-8: (d 002 )* ii-B-sVfe "H* -§-°ls>7ll ^-1- ^ 5lfe 

-ilvg og.A\sn SI si* Sj^l Sfe a H4. 
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ccsv A #4-8 -frS.*!, -g-il- ft44fe ft±f -a-* # T 514. 44^4^21 -g-ife bV^^eH^oIe) 

4 £3^. 1^4°fi ^7flft4, SEft ^U?)]^ 5Efe #7llft4. 

£ ft<£s1 ^^vflofl -g-£# ft4ft£r 44^-fHr, ft^°J d 0 o 2 * Lc4 5jt<>l ft44 igflofl ft*j44 5J 

44ft, £ft d 002 ^ Lc4 ?JM ft44 >344 3°lft. 

ft444, ^ft d 002 £ Lc4 &4 ^ 7 }e) ft4fe a^l-^^H^ R&(1580cm 1 4 44454IG) 

4 1360cm" 1 Si ^-#£(ID)21 «1(R)=ID/IG)1- 0.5^. £ft. 1580cm 1 2] 4Hft&#4 20~40 

cm' 1 £ ft 4 514. ' 

^ll-o] a^xis).^^ o.01~ l^m, °H^3!]Mal^ 443-44 4^-§; 10°)ft4 4ft3ft 

2, c-1-% ftft^Mlfe 50°lft44. 

ft44«-4 O.Ol/aHftol'S -a-fr^ #5L7> e^a, 3*1-8-21 ^^uf 44 ^ ^ei^i aV-§-*v 73 °.o,j ajo. ^ 

&44jl, 7)^-01 ^a o V£)71 t34. ft#, A r)4fe ^3-421 ^7\%{^%)% H^s^l ft iM 

4ft #°lt-7)l £H, €33*13 ^-H-s] 4^4 ftflftft s^ft. aft °Hftcfl ftft-§-s1 

-g-47.fl3.44 ft£ft4°flfe- ^<£^ °i v S°U\ ft^H 51ft ft, ^-fi-71- Siift , °j °d4*H ft 47} #^ 7 )-7l ft ^4. 

BE, ^^#^1 l^iCf ^Tfl £1^ ft44*)lft *W§°] 444 444H3., ^4^-3. Ul-g-o) Hl^T-lTfl 44. °1 3 ft 

4 °-3. 43 ft44#£ l,unHft7} ftft444. £Eft 0.5^i»l§l-7> iLft 4£2]44. 



^421 ft°1^r s-rt-a] aflft-S: SU. ^ 4ft4 0 Hi3!SHl (44^4/444 2j7j)2] ^aflft^r 7 A°)A 4 

4444. AH.° fto]^ ftft*)^ ftft Aj 44 =o)| 2]gfl S)&|sL44 a-AV^^ °-^|7)- % 7 ]7] a))£-ofl, ftft4 4 

00^7} 4ft4*U. 44 4444?1lft lOOwHft. 0 fli«lSal7} 50°l^2l tJ^., ^^#0] 0 .01/<m 

0.5/anol-S-. O.l^nHHfe 5^m°l^- 0 l ^ ^"tbS: ^J^M" 

mOim ^^A^ 100/itn c >14. 



^ ^7l*V JL^^^S] Dl^tV ^i^-Srfe DH1*V ^7fl*}oflA-1 5J0II S)5fl 

Sl^SHl i4^?I n l^)ft ^i^^^s] -g-ihfil fJ-Sr^-g: <M^^ O-S-fe- 0.1~3^^%, H>^2j*Mlfe 0.2~3^^% 



.g. ^s.) 7.]\^^o\\ oXo)a] %*g$s_s. <L>±^-n-Tr, ^\ f-21 -H-7)2)-*l-l:2l l^-sHI slsfl 71a 0 Vo)1a^ a^Va)?J 
n l*fl* It A -a** °l-&ft n- 514. °il^tH a o v 7 |-61- 4It-7flsj7- 15041931-1-34, - 32103951 -?-Ji. 47Hi60-21 

5816£ -^li. ^r7H±61 -70014-t. "i 1 ^-, ^-'^ 3 j5 - 36521S1 f-Ji, ^-?^3 - 617685. -?£L f-2) "o^^S ^)|Sft ^ 
514. aft, ^4f-°l O.Oi^lftoi^, U fo|Efl^^# 4-£-4^ii4 7l-S-4t^-^s f-^fe H^lft ^-S- 
ft Af-g-^- ^ oici-. 44^, ftaft?i^°14 2fl°l7-l^ f-ofl aw xflasife 4f i ^- ; £2l 4^-4^^^., -7V-S-4 
^^l 4*11 4 £ 4^-ft 4- 514. 



4 > 
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7]MQW n H$ fBi^ 5 ! A l- 7 > 3fe ^ =>■ Wl". 4«»fl. 

n lf]*H- fl-fl*^. -f-sl ?)1 e] o] 7 }±^. 7}^°\)*\ ^-g-sfji, :a£4°lW -S-slH^fe 3 

2,d)§- £fe ^-fMf- 0.0U/m~ l//m^ £ £fe ZL °}^S\ Q±^%-7\ ^^fe 3M 

££3H £2:4^ *§^fe »o v, a. sflS-iil ^§Hr *® 3)3411 f~§: *M4 ^ 



2). J£a] ofl E^H^-oluf 4«1^£°1 4^ SfljL, atl £3 n]^^>7> ^7fl5>7l afl^ofl, o) 



■§- t 9X9X^. =L$*\ ^(2^1, ^H-Jofl 4sfl4 3£5RcK ^fl3-4fe B, Al, Be, Si ^^^1 

4. ^±(B)7} **| -S-Jl$S4. -f A o v ^ 4±*H1 ?HHfc 3l7>«H 1*ial*H. l^-t- 3£ ^7M 

5U4. ( r £^J 1996, No.172,89 ~94*IM*1, ^ s i3 - 2454583^.5!., ^7flig5 - 251080X^i, #7flsj 
5 - 266880S ; ?-i, 3-7flJ87-73898£*Ji. ^^8 - 31422£?-ii, ^7^8 - 30635931 ^J£, ^-71)^9 - 6358451^-^. 
^■7fl3§9-63585S^i). 



ol-fl-fe °1*H M-^MIfe 42f *M -a-fi-n a}.^* f-^-sl til^s)- o^Ms) #^^1- 7)c«^ ^ 

§i4^ A J^5i7i aflf-o)cf. 



^ofl 44 4^^I D J, <^]fe 0.01~l/fln^iSl Alf-o] o.o)lA^ C^-ft-nV^nV o)-u]4 ^4^1 Cfl^^- £*m7] 

nfl^ofl ^^Mlfe fl-^47] «H^4^, ^^^-l- ^d4^ n l^^s ^4s.fe %%o) z\o]^ 5(m o)^ ^ 

cH^-^o]4. °1 ^-n-fe 3M3-fH ^7}S. ^4^1 D l^)?!: ^-n"* 3L^*>7] nflS-ofl, 7J ^-frfe 5^ 
£2) ^-fi-°lcl4£. ^•H^ 37l7> lOAm 0 )^, 7^o\] 44a^ i00/im°l^ v ^ € l-^-^^S. Sj7) ^4. af^i 
^tMl 3.7.-1 a) 47fl 0.05g/crf«>l*>, -f A o v -8r 0.0lg/cnH4°]tl-. f-^-^^^ °J*fl^3:» ^31 SX^r. 



Til -g-^sHM <^^44ji ^^4^4 

si ^?_V7-ie]# 4t11 *M l^^-i: ^^^l 4 1 *cfla a i^, D l^lt.> ^ 

■g-*H Iht-S-n-s} 3L^^4«- ^ 51^^. 



£ aj-cgofl 214^, g-±# 5.^471 ^afl^fe $3.7} nlA-114 ^i-a^-s-xi £^47l *ln, ^4^1 1^°1 ***>^1 ^ v 

.-a ^^«i^e)l- oill- f-^ i500f °1<HM 1*131^ -a-frl- °l-8-*V7l4, Ji4 4^*>7flfe- (4^ 
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W-H, 3#*U-hL4 Ao^Aje^I 7l-<i^£lSl'7l 01)^1, £^s] nl«v^o^ ?H5}5L Aj-g-t 4 514. 20 

00"Col A o v ,'«V^-2i«]-^lfe 2300°Ol4s) £5L5L ^<a44il)4 ^44 °144 <r ftfe 34 4H44, M ^1 ^ 443 

t£o\}*] 4^}^. SluS. 43 ^-44*1) 4 ^.S.fe 5.5) 3j 14444 44 ?!-§- 4444 ^-444 44°fl 4 D H 
444 444 44 44344. 



43.71- oHitv #1^-44 ^-f HsL, ^e) sflifl, ^J-fr 444 4^ 5144, «l|sfl, 4*»fe 4^ ^ 4 

±44444 £t4 4 4 44 4444. 4, 4^4444 ^1451 444°-£4 *flsfl, 4*fl, 4444 ^ 

4^44» 44 ttfl-g-o^ «- iS ].^e)S) *H] s) e-) fi^s] *j *j zjojs. SH&44S #nf. 71^^ «J4 
<£44-cr ^4(xlf-)0.01~1^5L, ^4 0, 5~400/im^£4 ^d^-fM- acflS oj-g-f- ^ °14. oH-*- f-s 
£H 445L ^4. £4, 4^4-tr 44 44 344?- #44, 4444£t: 1500°C 44SL 4 514. 



(-g-i £fe 4^444) 

-g-±444i 444fe -g-i SEfe 4^4444, #1*) 43!44 &44, 444 44 4^4 sJo] 3^44. 4±4 
44fe 2000r 444 £5L5L *gsfl44 «i)4-4 44£ 2000°C°)1 £444 *HI 4*1) 4°fl 4*114:£ 4444 

44 44. 4±4 4±, B2O3.H3BO4.B4C, bn, y\A 4^4444 4444 44 #4. 

4±°ti 4±» 51^4 4 5lfe 44, <H43 iLSfe 3^4%4444. 444 «l)444 4± £# 4^4444 ^ 7 >^= 

4, 4444 24*114 4^44 cfl5>cx| #£^444°-£ ioi!4%44-£. #£-44. -g-^s) Af-g-^oi &o_>3 

-§-0) ti)«\^ g»y oi-qef, <g*144 #3144 -§-§-±1471 ^U, 44444, ^4£44 4444, *} 7l *1 sj-g; 44 

4*lfe ^- ^e^^-i- Qt= 514. 

7} ofl-f ^jl ^%°] oll^- H4. s^tl- ^44fe -g-i^ io^^%°14. 4^^4^1fe 5^^%°14s. ^)7i «fl^^l . 

^•ifi] £«a*-§"8- a^#?tl *|^7) ^tflAife Aj o.s|. £fe ^.4.^^ ^- ^^Vi. 1 ^ 51fe 4 -e-^Mi ^ 
#ai?jc]-. aTj^- ^sflAife, -g-i sfe -g-±44#2l °J4fe € *r Slfe 4 4^ 4-8-44. £4, a 
>S ^f£-^5.s. n^£°^oi ^Ags>7ii £l°1, -114^ 4°J°1 € 4£ -£€4. ^l^S-fe ^^^^^-S- 10 
0^m°)4. 4 i a-^4^fe 50//mol4. i4 4^^!4?flfe 20^m°14°14. 

£4. -g-4 #* °l-g-4fe ^r-§-°-n»^s.Ai ^7>«H, ^rf-^r ^^l^lfe 4^°14 414 7 yi4 ^£-* ^4 
4fe ^l-S-^ 514. ^-g-^-i- ^^4^1 ^44-3 ^§#4^1fe -g-±441-^ ^-^i4°ll ^-4^1^ 
^ 514. 

7l4^°11 s]4 niAfltv 4^^-frfe 4^ 4§3^°1, ^^£4 4^, ^13:4 45fl^ ^^^<H)^i^- 4 o.oig/cm'^l-, a 
4 ^^-i: I^h^H, «fl41, 4ifl4°i, 4^-4 f-4f- £> D A i£ 0.02~0.08 g /cm'^:E°14. 44 A i 4 D 144 44i^4fe 
-?4i:# 44^1 «fl€-°fl °]<iJ# 1*i£l47l ^sflAife nfl^ ^.^oi s <f^e)sfs.7> 4wlal-§-°l «14?fl 

slfe 7 A £44M4, ^'4 A j£- 4H4. 44^ f-4^1 4±^S.sl ^4-4 tel. -g-i* £°J44 4 

•at- 71144 H&71- °lci-. 



-g-^sl JF-°J4-g~§- 4-S-^l7l7| fl«fl^fe t ^^4 4^^ #4s] 444 ^^-7> 5U4. ^^14 

^sll^rr. 44« 4^!4>11 £44^, #4*1 ^^a^i^s. -svcf. ^4 144^1 4^°ll A 1 ^44 444°i, 4£7)- $ 
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£^*VaL. 5E«; a tfEflf- 1 ^ Silfe- *!• 1*1 3 $4. a 4^4$ ^^4, fe £«84Mfe- <g*)e] 

fe 4^ ?H4 #A)4, n H14 ©±^-n-fe €^fl*fi.S S]7l ttflfeofl, ol3-§- sWM flafl a^pv ^4 

J ^-i°iA-)e)-o|o) ^o]^ icf av^sfc}.. AV-g-sj-fe ^a^^-fe «d*l ^55l-x 0 l ^3.2) 3°14£, ^ -a-S-sl 

1500°Ol42l *ie|f-°H.£. ^cf. ^^SLSSL *1l2:€ *fl3.2l 5J^r *#*Hr w o v ^°l 

411-444. 

Ej.^ 0.2). -g-iSl-^-l-fil £^«-§- -ElHS^H -&B]£)7) 34 ^44fe ^JH^fe. A <1 

I'fl, ^HH. ^fe. £.7}uM ^ 9J^*V "SHHM, sfl^fe «J->3 f- O^v- h o V^o15^£ 

3-?-. A ^*ll2l 471^4, 4*§4°14 *W1 §• 4^ $tf°l<H£. #4. 

.HUSSJ^VIL, jL%& £Vt&SH ^^Sfe O.05g/cnH4, 4^4*V>llfe 0.06g/cnM4°14. 

tf^SH # oJ-^-l- 711**}^ 4^ -g-^jo) q$$3L. «3]^H7} iflSl 7>fe $144. =L % 

oj-^a]s] -^sl-a^-t "B^TlllMM i^^-Sl JM«£7> O.OSg/ciiM-tf- 0 -^. 44. £4 44# -§-?H % 

TH^i-S-g- "fr^l 7 ) 4*H4. 444 -f-i- 4-8-*H -^H^l- 0.05g/cnf°K Vo l 4^f47l4 £4 4 

*H £fe ^-±44-§"l- $7>*Ka, at!- 4445E# £4 ^-n-fe 4-§-°fl 1*M#4. 

-§-±» 4±2l l^iflofl £«a*]-7l fl^-H ^-8- IV ^Slfe£fe 2000to) A o v . wV'lWWfe 2300t«1^. ^E)fe£7} 20 
00°CS. 3*1 g-O'S ^2}- ^iS+2l tii-g-^o] i+jwiL, -g-iSl ^^4. -g-iSl ^ 

*V EV±°1 *^ A l7l^, *1#°1 «t 0.15/zm^H2l ^-ff-ofl^ doo2 # 0.3385nmOl*>S. 2300°C°1 

^©.S. -S-*l^fe 51 ©I 4^21 §>4. °l^el^-£Sl ^*k°r ^-1*1 ^|*-& a^l^-. ^^1 fe3 ^ltV^S-^-Ei 3200°C ? §5 : - O l 

4-§-*>fe ^^el^S-fe 2000°Co1a o v, Bf^^Tflfe 2300t«»l^ ^±2. Sffe ^*lt =r Sife ^S.«l^ 

A 1 n^4fe H o v ^£ 4-8-i *r 

I^elsl ^7lfe al A >5l-^£l *fl7l, wl-^^l^/flfe -1-21 S)i7V^^7l7V 1^2121 a]^, 

4. oj-el-A-i, ^-^xfl «.°i ^.£7} 42-Sfe££ s.^ ^, i Algols]. si -H-^l A) O.S. ^fes}4. 

o] ^£)oi| o,- 5flA ^ ^ gtgs} El^^ doo2 # »l^.o. S 0.3420nm°l*}S- t ^ SU^L. *^ A 1^ *r °>X%A. 

^Ejcfl, LcCX^sDAj^^l SltV fl-^ a l l^^Sl C^-^^Sl f^Sl ^-*fl)fe 40nm°14, Hl^^l-^lfe 32nm°l^HI 

oi-i-ji' b» ^7Vs>a1 Ss v ^ "i^Blf-4 at}A| ^4^1 fe v fe 3°1 £1534. f-Ajs-1 oi^.^^ 4±^Sfe. ^ 

•aWctes 7 > 4»1 51^ Lcfe -TWfe 5l°l %^\ 6 \^, #^2l 0.2/^512] AH^o] ^^.oflfe. Lc ^ ^x]x) 
40nm°14°H, B* ^Vfe 7^2} fffcf. a, d 0Q2 fe ^7)1 SJ^-t, Lcfe Hi <S^44 &fe 3°1 ^^°1 

4. 

a c^ i f-Aj-sl 7lAj-^E} : i A j-2rfe 7l-«gofl tcj-e}-^ ^i^H^Sl 1580cm" 1 21 3137V fe44al, 1360cm 1 2] ul£I7V 

Q±t\jL, R?J:fe 44AM, ^-°i42V f-AHi ii^aj 0.5. 0.1-0.2^^44 Ml 3 7>*i^ ^ ig-rg^ fi^slfos. 

4fe, R^Vo] o.5°l A o v , 0.7~0.8Aj£°14. 
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££*V, 1580cm" 1 2\ A3.?} **H. ^ u ^-f 20~40Cm 1 **1 #°B!^. 

ol*. do 02 * *fc, 1580c* ^ ^ 5**5- W^l. 0.010 ■ cn^l*}, 0.0 

n«* *nm ^ *m **t **m*. n ^ 7H ^t5^v^ 
wu w^ ^ ft4 ** ****** 

o>i=.rL 



mT^^ <M* 5~400^ MA *t *«1 I^W* 10-1* ** 



o1 m • » J-.d* 5 JM O.OOlg/aM**,". 0 .2g/cnHS>. 0.005g/cnfoR>oM 0. 

5 j£l* X ^mni O.Ol^^oH aitf-lW. ***** 0.2^01^ ? «, *7H *JW 

SJS-i i*l* slTom sol fM-M ***** *l***. ** o.ooi g /c^4 *** 

4"oo^l £**l °i £H, *eU1*l <HM ***»*. **«£fe **«l *** ****. **4*. 

7> 7^ <33*M1 £^^-1: *»ai* «*.fi.3** *$ 

rfJ^l *i £*8* ***>!*. fl**«M**** lis *te *W* * * fl*. * 

i^fi 'di\i «Si**«^ ^oHzl. ^* **S**»1 SEtt, o.i*W4 ^ 

^(MCMB) f-ol oH-Sl^l^. 0151c, OH* ^-R- « ^^1 flTr , « -r * 

it°J«Hl *^b^£* "«- Vc l-- 

ca^oii) 
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444 4443*4 5L%$$ 

ea*Hi) 

#443-4 si-a-frfe, 4°i^r# $-a-4fe ^-7i^t#si £*h«h ^hi^ 

47fl 3 J 7- 150419a^i)S 4£ 714^4^-S-t 4*1 1200°CS. 1^e]S!l4. 4 S^$tf.£.3. 3^4 <g-fr# ^4 
Z\JL, ^-445M O.02g/cro', 44« 10~100^S. ?K4. A d42] i*4(*l#)fe cfl^-^o] 0.5<ai4*KSEM4*l«* 

4 S^lS] 0.1~0.2tfni)$i4. 4 ^42] X-idSl^i 2)4 ^443(d 0 o 2 )* 3.3407nm, Lcfe 5.6nm 

534. 

4 2.88kg°ti sg#«a3l5jun£| B 4 C-g-iM: 120g^7>sU, ^^MS. £43*4. »1 -E4-|~§- 5033 

31 4f-^44 3-££7}4°fl JflfltfjL. 4^44 JM^5=# O.075g/ciifS. 514. ^442] 7}44*-3. 4^4 ^ 
S4, 44£5Hl ^4 4^*1 3* 3R4. 4 "US] 2900"C44. 2900°C^ € "A 44 4 7>4*14£. 6 044 

44. 

7V«^e]4- 4)444, £445.^4 ^MU, 4 2mm^££ *fl3)4 ^ SH^S. -g-iflsU, =L * Hl^-fl-Stffc 

£44 ^44 444 &44. 44fe 5-30/anolc], 444£fe 0.04 g/cm'524. 4 444 -§-^44^. X43 

*H1 si* d 002 . Lc4 S HI 4444. B 4 C» 34*W #31 444 f-44 2900°C3- 7V1444 44^4* 
a 14 alH^lHl 4444. 

(^4°ll2) 

^ahi4- 4£44# sflifl^, 44*U4 £-444 JM'as* o.osg/cirfs. sn4. °i «h^i 444 7 ^4 

tH^lO-50/an, SEM44-5-3. 444 *8434 4 #-2.3. 0.06/mi^4. 4 44 150g°fl ^J-? 0 ^ 10jim4 

B 4 C 6g# «4*H, «-*«W3. -&43K4. 4 £444 1=14444 ^7H) 444^. 43 150mm 

2] «7lf-a(s ^$4. ^*§£4 ^-sl-gs^ 0.087g/cirf44. 

4 ^-44 * ^-444£-°ll ^4 4^44 §>, 2800°C5. 6044 71-444M4. 

7}<i^e|^, 4 $4* v\^o\, 444 2mm443. *f|«4. 2.* SE^'gS 4*1144, 4*#-§-*IH ^^4 B 

£ = #21 ^-44£fe 0.046/cn'?i4. °l «fl2] -a-ft-S) 4°lfe cfl^-^- 5~20jum5S4. 

°1 ^-i^-B-^, X^Sl^^l s]4 d 002 . Lc^l sJt-S- a HI 4444. B 4 C» ^7}-44 #44 447>4s. 
2800°C°114 7><g^el4 4^^-H-l- a is] «1 ^^12^1 4444. 

(4*H3) 

«44s.9J D 144 4±^^-fe-. 4°l^^^ 4-n-4fe -n-7| 4tM-s) £44°)1 *?1!4# 44*H4fe ^ 

42] 4^^S <a^& o) 4±^ -n-1- 1*iSl4*l & V:a «8i(«>Jl. n 15 )^^!- O.Olg/cm'S §S4. ^7lfe, cfl 

-Y-£°1 0.13/ai°l«V534. °1 ^-n- 200g°1) ^^319^2] B 4 C 8g» ^7>44, «!^44S £^?$4. °l ^ 

^4c1^42] ^7H 444^, 7}°J-44 2)^ 150mm2] ^4-f-^lS. ^§*§«14. ^^^-2] -Y-44£fe 0.07g/cm' 

534. 

°1 4^^1* *4-l- 4t^lS- 4 ^-44s.°11 "4°\ 4^^-7)^-^°fl 2800 4 60^- 7>1^s1^4. 

71-^^a)^, 7-14H, -2rlH14 44*1 2 mm4«^s. «iliil5Jl4. £4 •flfl'SS ^±fl4s, 7l^^4°i ^^4 

44-- £?_§21 44^£fe- 0.03g/cm'5!4. 
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°1 -g-^^-H-^, X£*\£*H ^ d 002 . Lc^ IH 4e^4. B 4 C# SW ^ A <Mfl ">#7>*|S. 2 

800°C°1H 7><g^2l*V S 121 MlHofl3°fl 4^4. 







doo2 (nm) 


Lc (nm) 


A] Al cdl 1 
Is A l ™l 1 


1 


0 3380 


29.0 






0.3387 


31.8 




1.10 


0.3381 


25.0 






0.3398 


26.9 




1.57 


0.3382 


31.1 






0.3401 


21.7 




1.02 


0.3395 


25.4 






0.3405 


21.6 


*H*)]5 


0.93 


0.3376 


29.9 


«lHi5 




0.3383 


30.5 



*jahi4 o>^-7>xis *m ^ ^±^^ moMJL, e-ai*iH JMcast- o.o2 g /cirfs. «4. °i ^21 ^-a- 

21 tfl-¥-gl0~50/m. «f O.04*/m°4fl-. <>] -8 -ft 3000g°fl ^"B^ B 4 C 120g-§- 

jL, «*"H3. °1 ^D-l-i- ^ 100mm, Ml-f^l 150mm2] ^-9jH7}i-H 88g jflfl^Sicf. o] nfl 

a) JfBlUJEfe O.08g/cmW. 

ol J£7mofl i^^-l: 7)-^4|%-4£o| «goJ of s^lff-^. 2800°C°)H 60-g-# A 584. 

7>l^el^, <8«*Ht ?1MH, -fr^-olM ^-a-S) 2mm°lsVS *1] ifl Sjcf. SE^S ^ifl^JI, 7Ht-£#«H 1 <>H*} 
^4;(B)£ = f-Sl ^-fl^ife 0.04g/c>rf$l4. £th -g-±2] -g-^^iM^, ^21 £33"* 1.02%2l -§"^7} E«B« 
3^°r SflSa^. 4^7^13., a HI d 002 . Lc2l #* 0 &-§- (d 002 =0.3395nm. Lc=25.4nm). £, 

B 4 C1- $7>*W ?H d 002 , Lc2] SiSj alJHofl 4 oil q-E}sflcf.(d 002 =0.3405. Lc=21.6nm). 

^-S-°fl, ^Po^^r £ ^^7l-7> 7fl^-^ 4^1 M-^HE H o V ^°14. 

£ #^-i-8r, £ 2°fl ^-Efuflfe tf}2} Qo\ lOmmX 50mm^^S. 3M7> lOOmm^ 19(4)2} U^-l: tf*3.S.(2) 
^ 7 |(3)=. o^o^C]-. 4§o|| <^g^S] £*llf- \§o] t Aj-jf^a^ 01-^^(2)011 7>*W °d-^*B # 

ne)jL, <y-^4 ^3)* 7}<y-y 0 v$3)- ^331 ^^o.a ^*ifl #^-(i) °.s.*hQ loomAt- *eU, 

^&7]S.$-H] >4£ 27%2] (6) 21 10mm*MSl ^ «" (E) (V) ■§• Slot. ^^S-?-E^ ^^(R)ffi- cnvlr 

R=E/100(Q- cm) 

^•^^•l*^ 4^.71 nfl-g-ofl. 3§7}ir <a^^£2l Sjt*-S *»1 51^. * ^PcMHfe *«HH£7> 0.8/cm ,o J 

«1 "flsl ^'^1-21 d 002 * ^"•a 1^. 0.3395nm°H, Lc^ 25.4 °4^. 

£, ^^^Mi B 4 C» ^7>s}^l ®£ 5io( ol*)- xisj-SM- a 2fl Hlffioigbfl q-El-^cf. 
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(-a A H5) 

^ a] c^l ! a)- g£ x])3io]] o]s> 4l A Hl4J±4 4ft°l €• 0.2/im2l 3jft 1300t«ll4 '14444 *fl*fl*ll 

JMIUHft O.05g/ccS. 3J4. oj -a-fr l50g°ll ^j^ojTj l0fm 4\ B 4 C6g-§: tfift D -HiiL f-°J44 £tt«4. 4 Sr«H 
ft 434 1504) X400mmS) 7VJMJ-4* 4ft44 150(1) X lOOmm^l «7lft*l|£. A c^M4. 4 "fl^ 441 

£^ 0.030g/cm'5S44, 43ft -«t!4*M *1|*|itf*£.3.4. 0.08g/cm'44 tt^«4. 

oj 4$*|t. *-<S44ft t> *<?tSM*3.°l| ^#4 4^££47]^°)H 15°C/min^ 41*1^4. 4 

44 7>t 2800°C^4. 

<l^e]^, ^ftft *H:n, ftHMM 4^1 4mm4*>3. *fl ifl fft^. £4 IE ^3. ft*fl, £#*4 -^U^tt O.03g/crf 

594 5£4, ^£4 ^145.^ -a-ft-^i l^^ofl 0 .93%4 ^-ift t 5U^r-a- °e V <T 51584. 
£44 £*H4 *14ft a 24 44\34. 

js-aIoI) aj aH ) 5 °1 dooz j. 4^X1^, *)4444 7^°. 2^7} J±°i4. Lcfe. 29.9nm°24. ft, ftuL*M 

4*1) ftH4 ft3°H4 B,C1- ?H1 4$ d 002 ,Lcft 3. i4 «] 44\H4. 



[i£ 2.| 





§*W*J-(£- cm) 


doo2 (nm) 




0.013 


0.3388 




0.003 


0.3395 




0.002 


0.3376 



4e1i44 44 



(4 A Hl6) 

£ -gftft ft4ft 4±*H « 71-51* 4s\ ft*H*HM ^S. 4*Vft 5U^7}# 3 £44 4*1)4, Aj^sj ^<y^ ( 
io*mi)°II *1 A H44 £ t^f-ft 3444, 34^4 £4*144 44ft ^44 4SS4. a*, »lHi3fi1 b4 ^ 
444 44 -9-frft 34SM- ^4 3444 S4I4*4 431ft ^44 43S4. 

^ftft 371-44 nfl, 3 %%i 7}, 5%^7>, l0%^7><a 0)1^ 4*1-31 *144# 5. 3«fl 4444. SE. 4*11444 ^ 

4^-8:, 4 A H44 444444, #-4<Hl 4444 4445.^, ^4 ftft*}- 4£3. 4j*4^ 44 44444 nflft 

4, 1.5g/cm"4 4^4 ^14 44444. 

4ft°11 444 ^-fra] b1#*144 34.2.3.44 -a a] o|i. 4444. 

(4447) 

-°-4, ^44*fl(ioo%)3- #4* ^^44. * t v ^^ Aj o.o)i sll> S4M4. 

Aj. 7 ] ^ahi 12 S 3, nlHofll. 2 £ 321 PVDF(l-e|«l 1 i2l'ffll-*4 0 lM)l- 3^^% «7>^ji, q^i^ A 0 H) 

4-§-4(-§-^-)^-S §12, Li^-I- 4 A o v ^^s. sfl4 aj^i^ a^o- ^3)4. Ajsflojj^. ^sj LiPF 6 # 

tb <HH€7>^-MlolS(EC) 51 cl°11^7l-iL4 0 lS(DEC)2l ^4^1 Bfl^nl7V *H^«lS 1:121 -g- nil ft 4-8-S&4. ^ 
7>Alsl 0.2mA/g*-5- §S14. 

4ft ?1 7 -12| 14ft £ 4°fl 44^4. 

4-8-ofl 4 tift* %'44 if! ^-4 *JA|o,iis u)-e|.w']4. 
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(*H°fl8) 

_JlJ*Vte t^^^Hl 2(GB)4, «?V*W ^(Gl)-lr 4-8-SJ4. GBS] Sitf-fr^-- 0.9 

8^^%°14. 



ol ja o| GB Efe G1 sl $ GB Sfe GH ^ A Hl Sfe ^-S-* ^ 5^% ?H1, 3 *j 

i%i PVDF* WH #e1bWH, M^1^<M1 "iWH *H*Wth % ^HSf 4 

*>7HS «tf ««- _**S1 £4*11 M-E^l. #3H 1 S 2*r ^7ls1 GB.G1* 3 

°Vh S^a] «o>*li^ t(| G1 £fe GB 95^%3 "S^-fr 5^%^ «o^d-§-^# a >W1 4 





M cm) 




B7} ____ jjft 


0 


0.06 




_3 


0.05 


0.01 


5 


0.035 


0.007 


_10 


0.025 


0.004 



1 1 ■■- _ I . 




h/g)(^a) 


3 (mA 

g/g) 




*)AH 7 .(i)tij5ioil7-(l)^H7-(2) 
H]Hj7- (2)*H°tl7- (3)H)H°I|7- (3) 


I*HM 5] -8 -HUH 2^1 
Hj2^ ______3_ ___]____ ___ 


3112753052 
72308269 






ftjHll(B$7l-f Ifl-^ 


GBG1 


319280 






*Hi8-(l)«liH8-(l) 


CB+^Hl^ -9-8- 5^t%GB+al2ilfil ^ 
ft 5^3% 


332321 


319317 


134 


^H8-(2)t>l:i2°ll8- (2) 


_ 533% 


292282 


282280 


T02 



5o)p.a £^jo|i4 ^^l^^o] Jf-^-SH. n-^l. ^1^^. tsl ^°l c +. 
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(57) ^ rel "flfl ( 
1. 

^-fM«-°l l/ai°l*}°H !E« Xtf m^SLS, f"?R>3(doo2 H 0.335 ~0.342nrr,Sl >3$H°M «£$ 

do 02 <0.3448-0.0028(log<i> * 3**1 1*.)* WH. 133 C *tf**l WLc)?} 40nm 

oj «>ol s.^ n] /fl t> tt. 

^ T^d" 2. 

4l*M Sft«H^. m^(d(KB )°1 dooz <0.3444- 0.0028 (logd) ) # >WRr 3* #3.2.3. n H$ 

3. 

^1*<M1 sa«HH. 3 D vb^3^2] RSJM 0.5°ltf. 1580cm "» S] i^e^ 2l£L«V&#°l 20~40cnr' ?1 
4. 

• °-*lf-ol i/flnol^oH, Hi*V, ^f- ^g-frS] 33*H t^fe 3£ #3-2.3. Ih^-fh 
^RD" 5. 

*fll^ 41*1 43% % * *o Vo fl sa°H. ^* 'L^* 2 ) thfrsHr 53* #3^3 D H1*J: 

6. 

*ll5*<H sa©W. -g-^si t-R-^°l 0.1~3^%°J ?!-§■ #3-2.3 *Hr «Ht& fhb^-fh 
7. 

*115*<H 5U°H. ^V±^nV> 33 0.01- 1/m. 0 fl^S)^wl7> 10°1^ 6 J 3* #3 £.3. "Wfc S^*. 
8. 

^17* 0 H1 $A°H. 0.8g/cm'£ 7}<^^# u|]°j 7}^«J-%H1 ^<#$Sl £*fl*HH 0.01G ■ cm^^d y A% # 

^^9. 

t&^ty 10. 

a-1 <g*WH-r 3* #32.3. «Vtt u H# x||2:^^. 



11. 
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^^E* ib^-fr* 2000°C°1*S] ^£ofl^ g*)3«H? 3£ 42 £-3. D H* 

^i^-B-S) 41 2:*^. 

^* 12. 

4iio* 4in*4i sa°H. #± *±**i-si 3m*°i ^^-a-o,! cfleflAi, 0 .i~io«*%°J 

^j^* 13. 

54112*41 Sfl*W. ^fe $ 7>*Vfe ^8*7} 33 O.Ol-l^n. 4)^£«1 10°1*3 

-fi-°d 7 A£ 42°.k °14l* ^i^-H-sl 412;*^. 

3^* 14. 

4113*41 sa<H-H. *± £fe *±$*## ^ n*>fe d h* tf^-s-n 71^^ 4« <eh^*°j a* #3£.3. *te 

"1 4 VQ^fts) 41 £ * ^ . 

^j 1 ?-* 15. 

4li4*4l sa<>H. *± J&fe S'Wr W Wt\&*\ * 7 1 #^* 7 > o.S 1 

^el» ^*1* ±^^°J 3J£ sVfe Di^i*V ^i^-frfil 41 2.*^. 

3?"*- 16. 

4114*41 fl°H. *± ^fe ^£**1"§- *7>^fe l^el^dfil ^71 *14l* ^^-S-7>, 7|^ °sL ^^o)l <g 

*131# ^1*1*1 dI^a^o) ^ O.S. ^fe aH* 4l2*>3. 

^T 1 * 17. 

4U* vfl^l ^13* * * *41 ?l 5<| « D H* *^-*>fe 3i* 42 §Vfe 3*1-8- *d^. 

^* 18. 

41 5*41 71 7|1 € °1 41 * <2£ A d -6-* t-S-Sf-fe 3 * 42 £S *V*r *d*l -8- 
^T 1 * 19. 

416* 3Lfe 417*41 ^XJg nH« gi-g-fr* *-f|-*>fe ?!* 425.3. sffe 3*l-§" *d^. 
2^* 20. 

418* £fe 419*41 7l7«^ *-S-SHc 3* 42 °-5L *Hr 3*1-8- *d^. 



^* 21. 



22. 

*lll9 s cHl 5fl°H. ^-n-^°l 0.1~20^^%?1 ?J-§r ^£.3. sVfe # 

^T 1 ^" 24. 
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